the pedicle, it is difficult to identify the proper insertion point because the posterior aspect of the lamina has few anatomical landmarks, the pedicle axis is largely inclined in the transverse plane, and the pedicle diameters are small in the subaxial cervical spine. 17, 26 Furthermore, vertebrae with degenerative changes make the anatomical structure more complicated, and cervical PS misplacement and subsequent complications are more frequent. 24 In addition, some studies have reported an increased incidence of postoperative neurological complications (the so-called C-5 palsy and others) even in the absence of evidence of screw misplacement in cases of cervical degenerative diseases treated with decompression and an instrumented posterior fusion. 11, 30 However, there have been only a few studies on cervical PS misplacement and subsequent complications in such cases. 4, 18, 24 Furthermore, only few reports involving statistical analysis of the risk factors of such complications have been published.
The purpose of the present study was to comprehensively evaluate the complications associated with cervical PS for nontraumatic lesions and statistically analyze the risk factors of peri-and postoperative complications.
Methods

Patient Population
We conducted a retrospective multicenter study at 4 hospitals. The study included 84 consecutive patients (45 males and 39 females, mean age 60.1 years) who underwent posterior cervical reconstruction in which cervical PSs were used for nontraumatic lesions. After institutional review board approval was obtained, each participating patient signed a written consent form before surgery. The mean follow-up period was 4.1 years (range 6-168 months). Regular follow-up examination (every 2 or 3 months) was performed, in the form of a personal interview in the outpatient clinic; no patient was lost to follow-up. Patients with trauma, occipitocervical fixation, and C1-2 fixation were excluded from this study. The number of fixation vertebral levels ranged from 1 to 9 (mean 2.7 levels).
The cervical disorders were characterized as CSM in 43 patients, subaxial lesions of RA in 9, OPLL in 6, cervical myelopathy due to athetoid CP in 6, cervical disc herniation in 5, destructive spondyloarthropathy caused by long-term hemodialysis in 5, CSA in 4, and other illnesses in 6.
Instrumentation was indicated for patients with reducible cervical kyphosis (57), cervical spinal instability (28) , pseudarthrosis after anterior cervical fusion (5), CSA (4), reoperation for OPLL (2) , and other problems (infections, tumors, and others) (5 patients). Some patients had 2 or more indications. Local kyphosis was defined as a difference of more than 5° between adjacent vertebrae on the cervical spine lateral radiograph. 29 Instability was considered to be the horizontal displacement of more than 10% of the vertebral body sagittal diameter in relation to an adjacent vertebra. 30 The decision to perform internal fixation and the selection of instruments were actions taken individually in each hospital.
Operative Procedure
All patients underwent posterior spinal arthrodesis in which a PS system was used. Six certified doctors who have experience inserting cervical PS in cases of cervical trauma performed surgery. A total of 390 PSs were used (mean 4.6 screws/patient). Furthermore, LMSs were used in 6 patients and thoracic PSs in 10. Supplemental anterior surgery was performed in 3 patients with marked destruction of the vertebral body. In addition to the fusion procedure, a posterior laminoplasty was performed in 72 patients and posterior laminectomy in 3 with a multilevel narrow spinal canal. Anterior surgery had been performed previously in 5 patients and posterior laminoplasty in 3 patients.
Three different PS insertion techniques were used. The pedicle axis view technique was performed using a fluoroscope 32 with 264 screws (67.7%), the free-hand technique (using only lateral fluoroscopy intraoperatively) 2 with 95 screws (24.4%), and the Siremobil Iso-C3D navigation technique (Stryker Inc.) with 31 screws (7.9%). The pedicle axis view technique was used in 1 of the 4 study hospitals where PS placement for patients with cervical trauma was performed in more than 100 patients. The free-hand technique was used in 2 other hospitals, and the free-hand and Iso-C3D navigation techniques were used in the fourth hospital. Based on the number of cases, surgeons who used the pedicle axis view technique had the most experience in performing cervical PS placement surgery.
Seven different instrumentation systems were used. The OASYS system (Stryker) was used in 43 patients, the Axis plate system (Sofamor Danek Inc.) in 17, the Vertex system (Sofamor Danek) in 9, the Axon system (Synthes Inc.) in 6, the Mini VSP (DePuy Spine Inc.) in 3, the Olerud cervical system (Nordopedic AB) in 3, and the Synapse system (Synthes) in 3.
Classification of Cervical PS Misplacement
The positioning of the PS was assessed by an independent radiologist. The positions of PS were routinely evaluated with CT (2-mm slices) before hospital discharge. Cervical PS misplacement was evaluated by examining at 2 independent factors: the degree and the direction of PS misplacement. The degree of CPS misplacement was classified on CT scans as Grade I (< 50% of the screw outside the pedicle) or Grade II (≥ 50% of the screw outside the pedicle). 32 The direction of PS misplacement was classified as medial, lateral, superior, or inferior. In cases with inferosuperior or superomedial PS misplacement, the direction of greatest screw misplacement was considered the direction of CPS misplacement.
Complications
Three spine surgeons who did not perform surgery in this study obtained complication-related data from the patients' charts. Complications were classified into these 4 categories
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: complications directly attributable to screw insertion, neurological complications without evidence of screw misplacement, implant failure, and others.neurological reports. Postoperative infection and vascular complications were evaluated by reviewing operative notes, medical reports, and clinical notes. Instrumentation failure was reviewed using postoperative radiographs and CT scans. Bony union was judged by examination of flexion-extension radiographs at the final follow-up. The sagittal alignment of the cervical vertebrae around the fixed segment was measured using preoperative, immediate postoperative, and final follow-up lateral radiographs.
Complication rates are reported as the percentage of screws inserted for nerve root injury, vertebral artery injury, spinal cord injury, broken screws, and loose screws. Other complication rates are reported as a percentage of the number of patients.
Statistical Analysis
Statistical analyses were performed using SPSS version 17 software (SPSS Inc.). Logistic regression analysis was used to determine the risk factors for complications directly attributable to screw insertion, neurological complications without evidence of screw misplacement, and screw misplacement (both Grade I and Grade II). The Cox proportional-hazards regression was used to assess the risk factors for implant failure. At first, the significance of parameters was evaluated by univariate analysis, and factors with p < 0.20 were included in multivariate analysis. Differences were considered significant at p < 0.05.
Results
The mean operative time was 198.9 minutes (range 71-573 minutes) and the mean estimated blood loss was 233.0 ml (range 5-1394 ml). The fusion rate confirmed on flexion-extension radiographs was 97.6%.
Cervical PS Misplacement
Three hundred ninety PSs were used in total, and 19.5% (76 screws) were involved in PS misplacement: 60 screws (15.4%) demonstrated Grade I screw misplacement and 16 screws (4.1%) demonstrated Grade II misplacement. Among these 76 screws, 19 (25.0%) breached the medial pedicle wall, and 57 (75.0%) breached the lateral wall (Table 1 ). There was no apparent superior or inferior PS misplacement. Screw malposition was often observed at the C-3 and C-4 levels but rarely at the C-6 and C-7 levels. The proportion of screw malpositioning stratified by each screw insertion technique is shown in Table 2 .
Complications
In total, 33 complications were observed (Table 3) .
Complications Directly Attributable to Screw Insertion. In 3 cases complications involved nerve root injury and in 2 they involved penetration of the pedicle probe into the vertebral artery. Postoperative MR imaging angiography detected vertebral artery occlusion in the 2 patients with vertebral artery injury. However, additional symptoms were identified, and postoperative brain MR imaging revealed no additional cerebral infarction or other abnormalities.
Nerve root injuries directly related to screw implantation were identified just after surgery. All of the injured patients complained of pain in the upper extremities or muscle weakness. For this reason, we conducted CT, evaluated the scans, and performed additional treatment.
Additional surgery for screw removal was performed in 2 patients with motor paresis (Grade 2/5 in both cases) and replacement of a screw in 1 case only with sensory disorder. Strength in the 2 patients with motor paresis recovered to Grade 3 or 4/5 within the 1st postoperative year, and the sensory disorder resolved completely within 3 months of surgery ( Fig. 1 ). Vertebral artery bleeding was stopped using bone wax, and there were no further complications in these patients.
Neurological Complications Without Evidence of
Screw Misplacement. This type of complication did not include the cases with screw misplacement. Neurological complications were observed in 11 patients (C-5 palsy in 10 patients and C-7 palsy in 1 patient). They all occurred on the day of ambulation in patients with the following conditions: CSM in 6 patients, OPLL in 2 patients, hemodialysis in 1 patient, RA in 1 patient, and CSR in 1 patient. In 7 patients, the neurological complications completely resolved.
Implant Failure. Eleven cases of implant failure were observed: screw loosening in 5 patients, screw breakage in 4, and loss of correction (> 10°) in 2 patients. Of the 2 patients with correction loss, 1 involved CP (2 loose screws) and another involved CSA (an infection). The diseases in the 4 patients with broken screws were RA, CSM, hemodialysis, and CP (1 patient each). Three of the 4 patients were treated with the screw/plate system (nonconstrained fixation).
Other Complications. Two patients with pseudarthrosis, 1 with a deep wound infection, 1 with transient dyspnea, 1 with transient dysphagia, and 1 with adjacent-segment degeneration were observed. The postoperative deep wound infection was treated with surgical debridement and intravenous administration of antibiotics accompanied by removal of the hardware. The diseases in the 2 patients with pseudarthrosis were CP (1 patient) and hemodialysis (1 patient). Additional surgery was performed 4 years after the initial surgery in a patient with adjacent-segment degeneration. Lateral radiograph acquired after a C3-7 laminoplasty was performed with posterior reduction and cervical PS-based fusion. The cervical PSs were inserted using the free-hand technique. The patient complained of pain and numbness in the right C-5 area immediately after surgery. C-E: Postoperative scans of the C-3 (C), C-5 (D), and C-7 (E) vertebrae. All right-side PSs perforated the medial pedicle wall (all screws were classified as Grade II) and the left C-5 PS perforated the lateral pedicle wall (classified as Grade I). Every misplaced screw was reinserted correctly during revision surgery. The patient's symptoms resolved after surgery.
Risk Factors for CPS Misplacement (Grade I and Grade II)
The presence of preoperative cervical spinal instability was a significant risk factor for Grade I and Grade II screw misplacement (RR 2.12, 95% CI 1.08-4.17, p = 0.03) ( Table 4) . A significant relationship between the level where the screw was placed (C-6) and CPS misplacement was suggested (RR 0.38, 95% CI 0.14-1.04, p = 0.06).
Risk Factors for Complications Directly Attributable to Screw Insertion
There was no statistically significant risk factor for this complication (Table 5 ). Two screw insertion techniques (pedicle axis view and free hand) were included in multivariate analysis, and the manner of screw insertion had the potential to influence the effects of this complication.
Risk Factors for Neurological Complications Without Evidence of Screw Misplacement
There was no statistically significant risk factor for this complication (Table 6 ). In multivariate analysis, the odds ratio of cervical kyphosis was the highest (RR 6.16, 95% CI 0.62-61.51, p = 0.12).
Risk Factors for Implant Failure
A primary diagnosis of CP was a risk factor for postoperative implant failure (HR 10.91, 95% CI 1.27-93.84, p = 0.03) ( Table 7) .
Discussion
Cervical PS fixation has been shown to provide stronger fixation than other methods. However, because of the proximity of the spinal cord, nerve roots, and vertebral artery, this procedure is generally criticized as being risky, although only a few reports have actually discussed the attendant complications. Even in cases of nontraumatic lesions in which the incidence of associated complications is suspected to be greater, there has been a paucity of data concerning such complications. This study was conducted to investigate the complications associated with PS fixation for nontraumatic lesions and, using multivariate analysis, to determine the risk factors of each complication.
Cervical PS fixation provided a high fusion rate even in nontraumatic lesions, often with degenerative changes. However, the misplacement of PSs and associated compli- cations were more common than those reported in previous studies of cervical PSs (Table 8 ). In particular, the incidence of neurological deterioration unrelated to cervical PS placement was high.
Cervical PS Misplacement
Anatomically, the diameter of the cervical pedicle is smaller than that of the thoracolumbar pedicle, the pedicle axis is largely inclined in the transverse plane, and only few anatomical landmarks help identify accurate screw insertion points. 17, 26 Therefore, it is difficult to accurately insert PSs in the cervical spine. A screw misplacement rate of 6.7%-29% has been reported with the free-hand technique. [1] [2] [3] [4] [5] [6] 25 To improve the accuracy of cervical PS insertion, additional aids have been introduced by several authors. These include the use of the pedicle axis view technique 31 (Grade I, 9.2%, Grade II 3.9%) and navigation systems 20, 23 (1.1%-11% cervical PS misplacement). These reported results of PS misplacement could not be compared because patient selection methods and systems for evaluating the accuracy differed. In this study, the incidence of PS misplacement was higher than expected (Grade I 15.4%, Grade II 4.1%).
One of the suspected risk factors for screw misplacement is the cervical level at which surgery is performed. In this study, only 71% of C-3 screws and 75% of C-4 screws were correctly placed compared with 91% of C-6 screws. The C-3 and C-4 levels have previously been reported to have the highest incidences of PS misplacement. 4, 18 This can be explained anatomically as follows: The outer pedicle width of the cervical vertebra is less than 4 mm in 75.5% of C-3 vertebrae and 35.8% of C-4 vertebrae, compared with 6.6% of C-7 vertebrae, and the transverse angle of the pedicle is largest in C-3 and C-4 vertebrae. 17, 26 Multivariate analysis for cervical PS misplacement revealed that the level at which the screw was placed was not a statistically significant factor; however, cervical PS misplacement tended to not occur in the lower cervical levels such as C-6. Overall, then, the level at which the cervical PS is placed cannot be ignored as an important factor affecting screw misplacement. In addition to the general anatomical risk factors, a major reason for screw misplacement and complications occurring more often in nontraumatic than in traumatic cases is degenerative changes of the vertebrae in patients with nontraumatic lesions. In cases of degenerative changes, identification of anatomical landmarks is more difficult. 24 Our multivariate analysis revealed that cervical spine instability was a significant risk factor for cervical PS misplacement. If cervical degenerative change such as spinal instability necessitates a nonstandard direction of PS placement, screw misplacement may occur more often.
Another consideration is that in nontraumatic cases, the mean age is high, and osteoporotic patients are included more often than are traumatic cases. In patients with osteoporosis, if a cervical PS is inserted using an Iso-C3D navigation system, the image quality is sometimes suboptimal because of its low-quality resolution.
13 Furthermore, osteoporotic change makes it easier for cervical PSs to perforate the cortex of the pedicle. 24 It has been reported that the lateral cortex of the cervical pedicles is always thinner than the medial cortex. 16 In the present and a previous study, 31 lateral misplacement of cervical PSs was observed more frequently. The lateral cervical pedicle wall is adjacent to the vertebral artery, and thus, more careful insertion of the PS is required in cases of osteoporosis. On the other hand, there was no apparent superior or inferior PS misplacement documented on the postoperative CT scans. The number of superior or inferior PS misplacements was significantly lower than that of medial or lateral ones, mainly because cervical PSs were inserted under lateral fluoroscopy and also because of the shape of the cervical pedicle: it is oblong and longer than it is wide, 16 which would naturally make the possibility of medial or lateral PS misplacement significantly higher than that of superior or inferior misplacement.
Complications Directly Attributable to Screw Insertion
Despite several asymptomatic pedicle perforations, 3 cases of nerve root injury and 2 cases of vertebral artery penetration were observed in this study. Vertebral artery bleeding was stopped by bone wax in most patients, but such bleeding may cause serious problems, such as cerebral infarctions or death. When occlusion or hypoplasia of the unilateral vertebral artery is observed before surgery, insertion of a cervical PS in the contralateral side should be avoided. Furthermore, a thick pedicle cancellous bone is sometimes observed in cases of severe degenerative disease, and a narrow pedicle is sometimes observed in cases of severe inflammatory diseases such as destructive spondyloarthropathy or RA. Preoperative radiological evaluation is crucial in cases of nontraumatic lesions.
In multivariate analysis, while there was no statistical significance, the manner of screw insertion had the potential to influence the occurrence of complications directly attributable to screw insertion. However, there is a possibility that this resulted not from the difference in the manner of PS placement but from the difference in the surgeons' experience with cervical PS placement; there was a significant difference in surgeons' experience with all 3 methods of cervical PS placement. Thus, surgeons experienced in cervical PS placement in traumatic cases in which the vertebral degenerative change is not severe should perform surgery in nontraumatic cases. Moreover, when we insert cervical PSs in nontraumatic cases, use of additional aids for insertion is preferable.
Neurological Complications Without Evidence of Screw Misplacement
In addition to the aforementioned complications, the incidence of neurological deterioration unrelated to cervical PS insertion was high in this study. Most of the paralysis-type deterioration found was C-5 palsy. Postoperative C-5 palsy is known to be a serious complication of laminoplasty in patients with cervical compressive myelopathy. Several hypotheses regarding the etiology of C-5 palsy have been suggested, such as a tethering phenomenon of the nerve root, spinal cord ischemia, and direct nerve root injury during surgery itself. 7, 14, 27 However, the pathomechanism has not been identified.
The mean incidence of C-5 palsy in patients who underwent laminoplasty has been reported to be 4.7% (range 0%-30%). 27 Takemitsu et al. 30 reported a 50% incidence in patients with laminoplasty and posterior instrumented fusion, and they found that the risk of developing C-5 palsy with instrumentation was 11.6 times higher than it was without instrumentation. In the present study, C-5 palsy was observed in 13.1% of all patients. The risk of C-5 palsy in this study was higher than in previous reports that included patients only with laminoplasty.
14,27 There are some postulations regarding the causes of palsy after laminoplasty with instrumentation-for example, iatrogenic foraminal stenosis induced by excessive reduction in spondylolisthesis 4, 11, 12, 30 and increased tension in the spinal cord and nerve roots by correction of spinal alignment with instrumentation. 12, 30 While no statistically significant risk factor was present in this multivariate analysis, cervical kyphosis had the highest odds ratio in multivariate analysis. Therefore, iatrogenic foraminal stenosis and the tethering phenomenon of the spinal cord during reduc- tion of kyphosis are highly suspected as risk factors for this complication. Further studies, including radiographic assessment, are required to completely clarify this and to prevent this complication.
Implant Failure
Cervical PS fixation is superior to other techniques in terms of mechanical strength, 21, 22 but the risk of implant failure has been high in CP cases. In other studies, high rates of instrument failure, pseudarthroses, and junctional kyphosis have been reported. 9, 28 Therefore, it is necessary to carefully consider the range of cervical fixation and the manner of postoperative therapy for CP patients.
Comparison of Cervical PS Insertion Techniques
It was indeed interesting that the use of the Iso-C3D navigation system decreased the rate of cervical PS misplacement but did not eliminate it. Regarding the reason for screw misplacement under Iso-C3D navigation, excessive confidence in such a useful support tool may lead surgeons to use cervical PSs in cases involving severe degenerative disease. Spine surgeons, however, should know that the rate of Grade 1 screw misplacement is not reduced even when using this form of navigation, which allowed us to avoid Grade 2 screw misplacement. On the other hand, because a life-threatening screw misplacement is only a Grade 2 type and because the navigation system is helpful in reducing the rate of complications connected with cervical PS misplacement that will lead to clinical symptoms, use of the navigation system remains the safest approach. However, the navigation system is expensive, and not every hospital can afford to have one. Even if an institution does not have a navigation system, there is still the potential to reduce the rate of dangerous cervical PS misplacement by using the pedicle axis view technique. We recommend the use of these navigation and fluoroscopic techniques to the extent possible, depending on each hospital's equipment.
Comparing Complications of CPS With Those of LMS
We compared our results with those obtained using LMSs (Table 8) . Reports on LMSs referred to in the present study indicated no vertebral artery injuries; the risk of vertebral artery injury is obviously low in cases involving the placement of LMSs. There has been one report of vertebral artery injury caused by an LMS, however, 8 and hence it may be wise to exercise caution even with LMS.
On the other hand, implant failures and pseudarthrosis occur more often with LMS insertion, and the reason for this is that cervical PSs provide a more rigid anchor for internal fixation than LMSs. 21 In one report by Katonis and colleagues, 19 the incidence of implant failure was not high, although the report's focus was entirely on cervical nontraumatic cases. There is the possibility that the patient backgrounds were different from those in our study, and the rate of CP cases (those with the risk of implant failure in the present study) was unclear; hence, we cannot easily make comparisons. In addition, in the report of Katonis and colleagues, 19 reoperation was required in 6.2% of the cases because of screw pullout and other problems, and intraoperative lateral mass fracture was observed in 27 screws. Thus, we cannot conclude that the rate of complications with LMSs was necessarily lower than that with cervical PSs.
It may be appropriate to use cervical PS fixation in osteoporotic patients and/or in patients needing cervical alignment correction because PS fixation has great internal stability and the rate of pseudarthrosis is low. However, the rate of complications is not necessarily as low as presented in this study. We suggest considering the use of LMSs at first, with CPSs being used in only certain cases, such as when there is the need for a rigid anchor. After careful preoperative evaluations of a patient's cervical and vascular anatomy as well as consideration of the risk factors described in the present study, skilled surgeons should use cervical PS fixation in nontraumatic cases.
Limitation of the Study
A potential limitation of the present study is the fact that the screw insertion methods in this study were not randomized or prospectively selected. Therefore, the results for the misplacement rate in each method were biased.
Because of the small number of cases, the number of associated complications was not sufficient for evaluation of their risk factors.
Conclusions
Complications associated with cervical PS fixation occurred more often than in previous studies. Our results should make surgeons carefully consider their procedures in light of the type, frequency, and risk factors associated with such complications. Use of cervical PSs for nontraumatic lesions is surgically more challenging than that for trauma. Consequently, experienced surgeons should use PS fixation for nontraumatic cervical lesions only after thorough preoperative evaluation of each patient's cervical and vascular anatomy, as well as a review of the risk factors for each complication. 
